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Summary
The change of wine grape harvest from wet season 
(summer) to dry season (winter) by changing the pruning 
management has improved quality of wines produced in 
the Brazilian Southeast. However, the vines need to be 
spur pruned twice a year, i.e. with a 1st pruning in August 
(winter pruning) for a vegetative cycle during the hot 
and wet summer, and a 2nd pruning in January (summer 
pruning) for a productive cycle during the cold and dry 
season. This double pruning strategy is made necessary 
by the fact that latent buds developed during the dry 
season cycle are not fruitful to support a productive cycle 
in the following year. This histological study, performed 
in the South of Minas Gerais State (Brazil), showed that 
annual single pruning done in the wet season (in Janu-
ary) displayed a high rate of necrosis on primary and 
secondary buds (bud necrosis – BN). In April, 99 days 
after summer pruning (DASP), the rates of BN were 40 
% and 50 % at basal and apical node positions, respec-
tively, reaching 80 % of BN in December (322 DASP). 
As a consequence of BN, bud potential fertility was dras-
tically reduced from 0.5 inflorescence primordial (IP) 
per bud (in July) to 0.06 (in December) and bud burst 
in the next cycle from secondary and tertiary bud axes. 
Vines managed by double pruning system (submitted to 
summer and winter pruning) displayed a much higher 
fruitfulness potential, i.e. 1.46 IP per bud in December 
(112 days after winter pruning) and limited BN occur-
rence (20 %).  On single pruned vines, we also observed 
a significant decrease of starch content in canes, trunks 
and roots. Internal bud anatomy showed that a random 
cell breakdown started 70 days DASP. At 211 DASP, all 
buds showed a large starch granule concentration, ra-
phides and crystals of calcium oxalate inside idioblasts 
of leaf primordia and also in cortical parenchyma of the 
vegetative axis. The bud starch content was increased 
and a positive correlation between necrosis and starch 
accumulation was observed. The impact of carbohydrate 
availability on bud necrosis development was discussed. 
This study showed that the necrosis development towards 
secondary and tertiary axis of the dry season buds is the 
main reason of unfruitfulness in the vineyards managed 
by single pruning in the wet season, making the double 
pruning compulsory.
K e y  w o r d s :  Vitis vinifera; bud necrosis; starch; prun-
ing management; fruitfulness; bud anatomy.
Introduction
In the Southeast of Brazil, the winter grape harvest 
has improved the wine quality. The synthesis of sugar and 
phenolic compounds in berries are increased by sunny days, 
low rainfall and high thermal amplitude during the dry 
season as compared to grape ripening under rainy summer 
cycle (mota et al. 2010, Favero et al. 2011). As illustrated 
in Fig. 1, to change the date of harvest from rainy summer 
Fig. 1: Annual rainfall, maximum and minimum temperatures 
and main phenological stages of 'Syrah' growing under double 
pruning management in Brazilian Southeast. Meteorological data 
are 30-year average (Source: www.climate-data.org).
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(January) to dry winter (July and August), vine growers 
perform two annual prunings, a management so called 
double pruning method (regina et al. 2011, Favero et al. 
2011). The productive cycle starts with a pruning done in 
January (or February) to allow grape ripening during the 
autumn – winter season (from May to August), then vines 
are spur pruned again one month after winter harvest (Au-
gust or September) to perform a vegetative cycle where all 
clusters are removed (regina et al. 2011). As also shown in 
Fig. 1, although the flowering stage (February) and fruit set 
(March) occurs during high precipitation and temperature, 
the grape ripening period occurs during autumn – winter 
under dry and cool conditions.
This vineyard management has considerably improved 
the grape quality for wine production under tropical and 
subtropical climatic conditions of the Brazilian Southeast 
(mota et al. 2011, regina et al. 2011, diaS et al. 2012, 2017). 
Although the winter harvest has opened a new possibility for 
high quality wine production in Brazil (CarBonneau 2010) 
the vineyards production costs have increased due to the 
two growing cycles performed per year for only one harvest. 
First attempts to lighten the management by removing winter 
pruning were unsuccessful due the low fertility of shoots 
arising from buds set up during the previous first semester 
(de Souza et al. 2015). This unexpected bud infertility was 
attributed to a possible reduction in starch contents in canes, 
trunks and roots, due to apical shoots development at spring. 
In other climatic contexts, bud fruitfulness variations 
have been sometimes associated to the occurrence of a 
physiological disorder known as primary bud necrosis 
(BN). Primary bud necrosis corresponds to the browning 
of the primary axis of the latent bud (CollinS et al. 2006, 
vaSConCeloS et al. 2009, Cox et al. 2012). The necrosis 
can also extend to secondary axes of the latent buds (Col-
linS et al. 2006, KavooSi et al. 2013). The reasons of BN 
remain unclear. Several studies suggested that BN could 
result from high scion vigor and yield (dry and CoomBe 
1994, vaSudevan et al. 1998, CollinS and rawnSley 2005, 
vaSConCeloS et al. 2009,  KavooSi et al. 2013), unbalance 
between growth inhibitors and promoters (naito et al. 
1985, 1987, 1989, wolF and warren 1995, ziv et al. 1981, 
CollinS and rawnSley 2008), high temperatures and vigor 
rootstocks (Cox et al. 2012), bad microclimate (Perez and 
Kliewer 1990, vaSudevan et al. 1998, Cox et al. 2012) or 
low carbohydrate levels (vaSudevan et al. 1998). However, 
the direct effect of carbohydrates on BN development is 
poorly documented. Although there is a positive correla-
tion between starch content in the wood at bud break and 
grapevine fruitfulness (Bennett et al. 2002, vaSConCeloS 
et al. 2009), the relationship between necrosis incidence 
and carbohydrate levels during latent bud development has 
not been much investigated. Carbohydrates are the main 
source of energy for bud metabolism (leBon et al. 2008) 
therefore they might be related to necrosis development 
under bud low sugar availability as suggested by vaSudevan 
et al. (1998). Sucrose reduction in buds of Japanese pear 
was also found related to the incidence of floral primordia 
necrosis (horiKoShi et al. 2017). In Brazil, the occurrence 
of grapevine bud necrosis and its potential relationship with 
carbohydrate accumulation and bud fruitfulness was never 
demonstrated. This present study investigated the reasons 
for grapevine bud unfruitfulness managed by annual single 
summer pruning as previously observed by de Souza et al. 
(2015). In the first part of the study, a comparative investi-
gation was undertaken in a 'Syrah' vineyard under double 
and single pruning management to examine the occurrence 
of bud necrosis and fruitfulness. The second part shows a 
detailed anatomical analysis of latent buds development 
during the autumn-winter season in order to describe the 
progression of this physiological disorder. Furthermore, the 
relationship between starch levels in latent bud and necrosis 
incidence was also investigated and discussed.
Material and Methods
E x p e r i m e n t a l  s i t e  a n d  p r u n i n g  m a n -
a g e m e n t :  The study was carried out during two years 
(2015 and 2017) in a commercial vineyard located in Três 
Corações, in the south of Minas Gerais State (21°41'S e 
45°15’W, 900 m altitude) in the Southeast of Brazil. Ac-
cording to alvareS et al. (2013) the climate is classified as 
Cwa (rainy and hot summer and mild and dry winter). The 
vineyard was planted in 2003 with 'Syrah' (clone 174 EN-
TAV-INRA) grafted onto '1103 Paulsen'. Vines were spaced 
1.5 m between vines and 2.5 m between rows, trained on a 
vertical shoot position (VSP), north-south oriented and spur 
pruned with three regular buds. 
In order to investigate the histological reasons of grape 
clusters absence in vineyard under single pruning manage-
ment two independent experiments, described below, were 
carried out in the same vineyard, but in different years. In 
2015, the single pruning was compared to double pruning 
management. The relationship between necrosis devel-
opment and starch accumulation in latent buds of 'Syrah' 
growing during the dry season was investigated in 2017.
E x p e r i m e n t  1 .  E f f e c t  o f  p r u n i n g  o n 
' S y r a h '  b u d  n e c r o s i s  a n d  f r u i t f u l n e s s :  In 
the single pruning treatment (SP), the vines were pruned only 
in the wet season, in January 2015. In the double pruning 
treatment (DP), the vines were pruned in the wet season 
(January 2015) and dry season (August 2015). In January 
2016, both treatments were submitted again to yield summer 
pruning to induce the productive cycle during the dry season. 
In the SP treatment, the anatomical analyses of latent buds 
were performed monthly performed from March, during 
the fruitset (45 d after summer pruning – DASP) at stage 
E-L 27 (CoomBe 1995), to December (335 DASP). At each 
sampling date, latent buds (rank 1 to 10) from 6 shoots were 
observed with a stereomicroscope (Stemi 2000-C; Zeiss, 
Jena, Germany) to quantify the number of inflorescence 
primordia (IP) per primary bud axis and to score necrosis 
presence on primary and secondary buds (buds necrosis – 
BN). Each shoot was divided into three sections according 
to bud position: a basal section (1 to 3), medium section 
(4 to 6) and apical section (7 to 10). In DP treatment, ana-
tomical analyses were only done in December 112 d after 
winter pruning (DAWP). In March 2016 (49 DASP), the 
axis origin (primary, secondary or tertiary bud axes) of the 
developed shoots were recorded according to the phyllotaxis 
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of the previous year (gerrath and PoSluSzny 2007). Shoots 
originated from primary axis show plan of phyllotaxy sim-
ilar to the previous year. Shoots from secondary axis show 
a perpendicular plan of phyllotaxy to the previous year. 
Although shoots from tertiary axis also show similar plan 
of phyllotaxy to the previous year, they are unfruitfulness 
and bifurcated.
The starch concentration was assessed on dried and 
powdered samples of shoot, trunk and root taken from six 
grapevines only from single pruning treatment after winter 
harvest (August 2015; 200 DASP) and before yield pruning 
in the wet season (January 2016; 370 DASP). Shoot sam-
ples were collected from the first internode per vine (two 
samples per vine). The trunk samples were collected using 
a 5-mm drill bit. For each vine, holes were drilled at three 
positions per vine (one per arm and one from the middle of 
the trunk). The lateral root samples (around 2-5mm diam-
eter) were taken at 20 cm distance from the trunk of each 
vine (around 30 cm depth). Samples of five roots per plant 
were collected from six grapevines. All samples were oven 
dried and stored until analysis. The starch was extracted from 
100 mg sample with 80 % (v/v) ethanol (80 °C, 20 min) and 
centrifuged (9,160 x g, 15 min). This process was repeated 
three times. The extracted pellet was dried overnight at 
room temperature and was hydrolyzed through incubation 
at 75 °C for 1 h with Termamyl® 120 L (diluted 1:500 in 
water), followed by incubation at 50 °C for 1 hour with Am-
yloglucosidase 300 L (28 unit·mL-1, in sodium acetate buffer, 
pH 4.8). The starch content was quantified from released 
glucose by colorimetry at 450 nm using glucose oxidase/
peroxidase/ABTS assay (Bergmeyer 1974). Starch content 
was calculated as glucose multiplied by conversion factor 
of 0.9 (CordenunSi and laJolo 1995). The data collected 
were tabulated and the results were presented with mean 
incidence and standard deviation.
E x p e r i m e n t  2 .  N e c r o s i s  d e v e l o p m e n t 
a n d  s t a r c h  a c c u m u l a t i o n  i n  l a t e n t  b u d s 
o f  ' S y r a h '  g r o w i n g  d u r i n g  t h e  d r y  s e a s o n 
( a u t u m n - w i n t e r  s e a s o n s ) :  In 2017, a detailed 
bud anatomy analysis in light microscopy was done during 
autumn – winter cycle in the same vineyard submitted to 
double pruning management as usually done  in this region. 
Latent buds of ranks 1 to 3 were randomly collected and 
fixed in 70 % ethanol (v/v). Bud samples were submitted to 
alcohol dehydration series (80, 90, and 99.5 %) during 2 h in 
each ethanol concentration (JohanSen 1940). Samples were 
infiltrated in a 1:1 mixture of historesin (Leica, Heidelberg) 
and ethanol (v/v in 50 % historesin and 50 % ethanol) during 
24 h, followed by infiltration in pure historesin during 48 h 
according to manufacturer's instructions. After infiltration, 
samples were put in molds containing resin hardener. Em-
bedded buds were longitudinally sectioned in 7 µm of slices 
using a Lupetec microtome. The sections were stained with 
1 % toluidine blue pH 4.7 (Feder and o'Brien 1968) and 
the micrographs were taken using a Canon PowerShot A620 
8.0 megapixels attached to light microscopy (Ken a Vision 
TT118 at 40, 100 and 200x magnifications).
The starch concentration was also quantified for equiv-
alent buds in order to investigate the correlation between 
carbohydrate and necrosis development during the dry 
season. In each vine six buds were sampled (three buds per 
shoot). Nine vines were monthly sampled from March to 
August on the same day of the sampling used for histolog-
ical analyses. The starch extraction was done in dried and 
powdered buds following the same procedure as detailed in 
experiment 1. The statistical analyses were performed using 
SISVAR software (Ferreira 2011). The necrosis incidence 
data were transformed (Y + 1.0 - SQRT (Y + 1.0)) to meet 
the ANOVA assumptions. Significant differences (p < 0.05) 
were analyzed by linear regression or Tukey's HSD accord-
ing to the variables.
Results and Discussion
E x p e r i m e n t  1 .  U n f r u i t f u l n e s s  a n d  n e -
c r o s i s  o f  l a t e n t  b u d s  u n d e r  a n n u a l  s i n g l e 
p r u n i n g :  de Souza et al (2015) showed that to harvest 
wine grape during the dry winter season the vineyards need 
to be submitted to annual double pruning management. 
According to these authors, there was no grape production 
during the dry season if yield pruning in the wet season 
(January) is done on one-year-old shoots originating from 
the previous wet season. In the present study, the histologi-
cal bud analysis showed that bud necrosis (BN) is the main 
reason for bud unfruitfulness of vines managed by annual 
single pruning (Fig. 2). The BN appeared from 89 DASP 
with 40 % and 50 % necrosis at basal and apical node posi-
tions, respectively (Fig. 3A). The necrosis also reached the 
secondary bud axis where 20 % and 12 % at the basal and 
apical node position, respectively, were also found necrotic 
(data not shown). 
Fig. 2: Cross section of latent bud of 'Syrah' grapevines. Healthy 
bud (A) and primary bud necrosis (BN) (B). Scale in μm.
Fig. 3: Bud necrosis incidence (%) in primary axis (according 
to the node position) in single pruning (A) and double pruning 
treatment (B) during 2015. *Days after summer pruning; **Days 
after winter pruning.
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Although BN was firstly observed at the beginning of 
berry development of autumn-winter cycle, the highest BN 
incidence (higher than 80 % in first six node positions) oc-
curred at the end of the year (December, 322 DASP) in the 
annual single pruned vines (with no dry pruning). In contrast, 
on the same date, the BN incidence in double pruned vines 
(submitted to wet and dry pruning) was lower than 20 % in 
primary axis from all node positions whereas the secondary 
axis did not show any significant necrosis (Fig. 3B).
Despite the high level of BN in single pruned vines, 
in the middle of the year (July), there was still some bud 
fruitfulness potential (0.5 IP per primary bud axis) estimated 
by inflorescence primordia per primary axis (Tab. 1). This 
is in agreement with previous observations by Favero et al. 
(2011) who reported a real fruitfulness (number of grape 
cluster per shoot) of 0.9 for 'Syrah' pruned in winter. This 
explains why when a second growing cycle is launched by 
winter pruning, grapes develop during the summer. Howev-
er, if winter pruning is not performed bud necrosis evolves 
during the rest period of the second semester. We have shown 
that in December, just before summer pruning, the potential 
bud fruitfulness was drastically reduced (0.1 IP per primary 
bud axis) in single pruned vines due to the high level of BN 
(Tab. 1). When DP is performed, the new developed buds 
did not display a significant BN and exhibited a regular bud 
potential fruitfulness (1.3 IP per primary bud axis). 
as shown by de Souza et al. (2015). This study showed 
for the first time the complete unfruitfulness of latent buds 
due to the necrosis on one-year-old shoots. Several studies 
have shown only a partial reduction in fruitfulness caused 
by death of the primary axis from grapevines submitted to 
annual dry season pruning, as usually done under temperate 
climates. The primary bud necrosis has been studied in a 
range of varieties such as 'Riesling' and 'Viognier' in Virginia, 
USA (wolF and warren 1995, 2000), 'Shiraz' in Australia 
(CollinS et al. 2006), 'Askari' in Iran (KavooSi et al. 2013), 
'Riesling', 'Viognier', 'Shiraz' and 'Chardonnay' in New York 
USA (vaSudevan et al. 1998), 'Queen of Vineyard' in Israel 
(lavee et al. 1981) 'Thompson Seedless' in Chile (Perez and 
Kliewer 1990) and 'Kyoho' in Japan (naito et al. 1986). 
In temperate climate, early bud development is prevented 
by the low temperatures (ecodormancy) which also reduce 
the respiration of carbohydrates. In tropical and subtropical 
climates, vines managed by single summer pruning resumed 
growth from apical buds in the next spring. Due to acrotony, 
basal buds are inhibited which makes it possible to postpone 
their development to the next year. On the other hand, the 
DP vines resumed their normal growing cycle from spur 
pruned shoots as usually occurs in traditional viticulture. In 
SP vines, the growth of apical shoots in spring and summer 
which can represent around 2.5 kg of fresh weight per vine 
(data not shown) corresponds to a huge cost in term of veg-
etative biomass loss. The growth of these shoots is largely at 
the expense of starch from permanent vegetative structure 
(Tab. 2). Indeed, we have observed a significant reduction 
of root and shoot starch from August 2015 to January 2016 
whereas the trunk starch was unaltered. Furthermore, the 
SP management reduces the starch content in grapevines 
as compared to double pruned vines as already shown by 
de Souza et al. (2015). This SP effect on starch decrease 
could be also attributed to carbon assimilation reduction 
due to leaf senescence. On the other hand, the new leaf area 
and cluster removal practice in grapevines under DP man-
agement may have favored the starch accumulation during 
the vegetative cycle in the wet season. It is well known, 
that carbohydrate levels play a key role in the grapevine 
reproduction (leBon et al. 2008, vaSConCeloS et al. 2009) 
and it may be a contributing factor for necrosis incidence 
(vaduSevan et al. 1998, horiKoShi et al. 2017). Probably the 
starch reduction on permanent structures induced by resum-
ing vegetative growth of apical shoots and leaf senescence 
may have contributed to increase the necrosis severity at 322 
T a b l e  1
Potential fruitfulness of 'Syrah' grapevines under single and 
double pruning management in July and December of 2015.
Values are the mean ± SE. 
Potencial Fruifulness
July December
Single Pruning 0.5 ± 0.12 0.1 ± 0.06
Double Pruning - 1.3 ± 0.23
T a b l e  2
Starch content in shoot, trunk and roots of 'Syrah' submitted to 
single pruning management. The sample tissues were sampled 
in August 2015 and January 2016. Values are the mean ± SE. 
Different letter suffixes in the lines show statistically significant 
differences (p < 0.05). Each point is the mean of six replicates.
 Starch (mg·g DW-1)
Sample 28/05/2015 21/01/2016
Trunk  126.01 ± 10.21 a  102.43 ± 8.69  a
Root  183.67 ± 24.50 a  129.62 ± 24.51 b
Shoots  67.81 ± 1.19 a  49.40 ± 2.27 b
It is well documented that most grapes of proleptic 
shoots originate from inflorescence primordia of primary 
bud axis with a marginal contribution of secondary and ter-
tiary bud axes (SrinivaSan and mullinS 1981, vaSConCeloS 
et al. 2009, li-mallet et al. 2016). In 2016, 42 DASP it 
was observed that most proleptic shoots of annual SP vines 
originated from secondary (48 %) and tertiary axes (30 %) 
whereas 17 % of sampled latent buds were fully necrotic 
(Fig. 4). Furthermore, most of the shoots originating from 
tertiary axes showed bifurcation indicating an abnormal 
growth pattern. 
According to these results, the high necrosis incidence 
on cells of primary and secondary axis explains why a sec-
ond pruning in winter is needed to regenerate fruitful buds 
Fig. 4: Origin of the main shoots according to the plan of phyllotaxy 
of grapevines under annual single pruning. The evaluation was 
done during bloom time (49 DASP) in 2016.
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DASP in latent buds of vines managed by SP in the wet sea-
son. Based on these results, a second study was carried out 
during the 2017 growing period in the dry season, in order 
to have a better understanding of bud necrosis development 
and its correlation with carbohydrate contents.
E x p e r i m e n t  2 .  H i s t o l o g i c a l  s t u d y  o f 
n e c r o s i s  p r o g r e s s i o n  a n d  s t a r c h  s t o r a g e 
i n  l a t e n t  b u d s  d u r i n g  d r y  s e a s o n  ( a u t u m n 
–  w i n t e r ) :  In 2017, the longitudinal bud sections from 
developed shoots after summer pruning revealed that the 
beginning of necrotic zones could be found at apical mer-
istems and also at the basal zone between the second and 
fourth prophylls (Fig. 5A). The necrosis location appeared 
to be related to the bud age. Buds sampled in March and 
April (data not shown) showed a beginning of necrosis at 
apical and basal regions whereas buds collected from May 
onward showed tissue distortion at the central zone of the 
preformed bud axis, at the base of leaf primordia. Several 
authors also have revealed that cell breakdown due to ne-
crosis appeared to have a random distribution (vaSudevan 
et al. 1998, CollinS et al. 2006, KavooSi et al. 2013). 
the deformed zone progressed towards the internode forming 
a transverse band of cells with irregular walls (Fig. 6D). 
Fig. 7A and B show a layer of healing cells used to iso-
late the damaged tissue from the basal part of the bud. These 
healing cells were formed after cellular death, in contrast 
with abscission layer during leaf senescence. At 211 DASP, 
all analyzed dissected buds showed large starch granules 
concentration, raphides and crystals of calcium oxalate con-
fined inside of idioblasts (Fig. 8), located in leaf primordia 
and also in cortical parenchyma of the vegetative axis, as 
also demonstrated by CollinS et al. (2006). These raphides 
were also easily found in the necrotic zones, because they 
are hardly degraded (Fig. 5B).
Fig. 5: Longitudinal section of dormant buds showing early devel-
opment of primary bud necrosis (BN) on 70 DASP in 2017. Onset 
of necrosis (ON) at the basal zone and healthy tissues at the upper 
layers (A) and advanced necrosis stage with presence of raphides 
(RF) (B). Scale in μm.
At 70 DASP, the necrosis reached the cortical paren-
chyma at the base of the vegetative axis creating a scission 
between the base and the apex of the primary latent axis 
(Fig. 5A) as observed in previous studies (wolF and warren 
1995). Under high magnification, it was possible to observe 
some layers of cells surrounding the necrotic area (Fig. 6A 
and B). Healthy tissues showed approximately isodiametric 
cells, typical of undifferentiated young tissues. The first 
cell layer had abnormal features with small, deformed and 
compressed cells that presented thicker cell walls, suggest-
ing a type of protection zone against the expansion of the 
necrotic area. The cell lysis area was involved by the zone of 
irregular cells containing rests of distorted cell membranes 
with remaining walls, similar to cellular apoptosis usually 
observed in programmed cell death (PCD) (levine et al. 
1996). However, it was not possible to confirm this hypoth-
esis because these slides were prepared per section, and the 
widespread and extensive distribution in the tissues confirms 
the occurrence of necrosis rather than PCD. Fig. 6B shows 
the necrotic zone with complete cell breakdown containing 
distorted and broken cell walls as also observed by some 
authors (CollinS et al. 2006, KavooSi et al. 2013). In some 
cases, the necrosis occurred at leaf primordia (Fig. 6C) as 
also related by CollinS et al. (2006). When necrosis began 
in the cortical parenchyma at the base of the leaf primordia, 
Fig. 6: Longitudinal section of latent bud at 117 DASP in 2017. 
Beginning of the necrotic zones in the cortical parenchyma and at 
the leaflet base. (A) Necrosis zone inside bud cortex parenchyma 
(NZ). (B) Cell lysis zones (CLZ), deformed cell zone (DCZ), 
compressed cell zone (CCZ), necrotic zone (NZ). (C) Necrosis on 
leaf primordial (NLP). (D) Onset of necrosis and formation of the 
zone of deformed cells throughout the internode (NBZ), deformed 
cell zone (DCZ). Scale in μm.
Fig. 7: Longitudinal section of latent bud at 211 DASP in 2017. 
Necrotic meristematic apex and formation of the abscission zone 
(AZ) (A). Abscission zone composed by compressed cells and 
thick cell walls (B). Scale in μm.
Fig. 8: Cross section of the vegetative axis of the primary bud at 
211 DASP in 2017. Idioblasts with raphide (RF) (A); and amy-
loplasts  (AM) (B).
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At the basal part of the bud, there was a formation 
of tissues with striated appearance due to thick cell walls 
(Fig. 9). The absence of vascular bundles suggests that all 
transport of water and nutrients occurs by symplast and 
apoplast pathways. 
In addition, the histological sections also showed a large 
amount of starch granules in buds collected at 211 DASP 
(Fig. 8B). Probably the bud starch content was increased due 
to dormancy entrance induced by low temperatures, which 
is common in this region during autumn – winter season 
(ripening period). In this region, the average of minimum 
temperature frequently recorded from June to August is 
around 8 °C (Fig. 1). 
Usually, the development of the endodormancy in 
grapevine buds is associated with the accumulation of starch 
inside buds, probably due to low respiratory activity (lavee 
and may 1997). Recently, in Chile, some authors have also 
observed an intense starch accumulation in 'Thompson 
Seedless' buds sampled from the end of summer until winter 
(ruBio et al. 2015, 2019). In Spain, Fadon et al. (2018) also 
observed that an increase of starch content in sweet cherry 
flower buds occurred concomitantly with the beginning of 
chilling accumulation. In our study, the observed starch 
increment in dormant buds could be associated to a possible 
reduction in soluble sugar availability. Restriction on soluble 
sugar availability to be used as source of carbon and energy 
for bud metabolic activity could lead to cell breakdown and 
necrosis. Low soluble sugar supply in latent buds could 
have decreased the cell wall deposition leading its hydro-
lysis as also suggested by CollinS et al. (2006). horiKoShi 
et al. (2017) also associated low sucrose concentration in 
buds to incidence of floral primordia necrosis in Japanese 
pear flower buds. Furthermore, low soluble sugar and high 
starch concentration could be observed during the onset of 
endodormancy in buds of Superior Seedless (Ben mohamed 
et al. 2010 and 2012). 
It is important to take into account that low availability 
of soluble sugar induced by endodormancy probably was 
more accentuated due to the presence of grape clusters 
during the winter growing season. During the ripening 
period, grapes are stronger sinks for photoassimilates than 
latent buds (vaSConCeloS et al. 2009). The high photoas-
similates competition between buds and grape clusters could 
have contributed to increase the necrosis incidence during 
the ripening period in winter. Unfortunately, whether latent 
bud necrosis is triggered by low soluble sugar could not be 
confirmed in this present study. However, this hypothesis 
may be supported by the fact that, even under winter freez-
ing temperatures in another vineyards in the same region, 
there is no bud necrosis occurrence in vineyard submitted 
to double pruning management but with no grape produc-
tion (unfruitfulness vineyard) during the dry winter season 
(unpubl. data). These data suggest that absence of strong 
sinks such as grape clusters during latent bud development 
decreases photoassimilates competition and increases the 
sugar availability for bud cell metabolism. The soluble 
sugar availability hypothesis might also be used to explain 
the necrosis occurrence at the beginning of bud develop-
ment even under low starch content (70 DASP) (Fig. 11). 
During this period, the reduction in luminosity due to high 
precipitation (Fig. 1) could also increase the carbohydrates 
competition between latent buds and inflorescences devel-
opment leading to an insufficient sugar supply to attend bud 
metabolic activity. Bud anatomy revealed why the number 
of clusters per shoot (real fruitfulness) during the growing 
Fig. 9: Cross section of the vegetative axis of the primary bud at 
211 DASP in 2017. Striated zone formation (SZF) (A) and (B); 
Scale in μm.
During the flowering period (70 DASP) 10 % of sam-
pled buds showed the necrosis only in the primary axis (Fig. 
10B). In August, at the end of the experiment, the primary 
axis was necrotic in 54 % of sampled buds in the 1-3 node 
position sampled. Stored carbohydrates are thought to have 
a strong influence on the differentiation of inflorescences in 
young buds (leBon et al. 2008). Although the necrosis inci-
dence has been correlated to low carbohydrate availability 
in the buds (vaSudevan et al. 1998) and in the permanent 
structure (CollinS and rawnSley 2005, Cox et al. 2012), 
our results showed an increase in bud starch (Fig. 10A) 
throughout time and a high positive correlation (R = 0.72) 
between necrosis and starch storage was found (Fig. 11). 
Fig. 10: Seasonal evolution of starch content (A) and necrosis 
incidence (B) and in 'Syrah' latent buds during reproductive cycle 
of 2017.
Fig. 11: Relationship between starch content and necrosis inci-
dence in latent buds of 'Syrah' grapevines during reproductive 
cycle of 2017. 
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cycle in the wet season (after dry season pruning) is lower as 
compared to grape cluster production during the dry season 
(after wet season pruning), as already observed by Favero et 
al. (2011). The reasons of this partial fruitfulness reduction 
after winter pruning was attributed by those authors to the 
bad environmental conditions (rainy and cloudy months) 
occurring during the first stages of latent bud differentiation 
(from January to April). It was reported in grapevine that 
light exposure and temperature could affect bud fruitfulness 
(SánChez and doKoozlian 2005). This study showed that, 
in our experimental conditions, low bud fruitfulness of SP 
vines do not result from a deficit of IP but rather from later 
bud necrosis.  Our data suggest that, beyond climatic factors, 
the changes on carbohydrate levels and pruning management 
may contribute to primary bud necrosis. In our current 
knowledge, these observations explain why a double pruning 
strategy remains essential to ensure a sufficient production 
cycle during the winter in subtropical climates.
Acknowledgements
This study was supported by the National Council for Scien-
tific and Technological Development (CNPq) and Minas Gerais 
State Foundation for Research Support (FAPEMIG). The authors 
also thank the Estrada Real winery for the experimental vineyard.
References
alvareS, C. a.; StaPe, J. l.; SentelhaS, P. C.; moraeS, g.; leonardo, J.; 
SParoveK, g.; 2013:  Köppen's climate classification map for Brazil. 
Meteorol. Z. 22, 711-728.
Ben mohamed, h.; vadel, m. a.; geunS, J. m. C.; Khemira, h.; 2010: 
Biochemical changes in dormant grapevine shoot tissues in response to 
chilling: possible role in dormancy release. Sci. Hortic. 124, 440-447.
Ben mohamed, h..; vadel, a.m.; geunS, J. m. C.; KhemiraC h.; 2012: 
Carbohydrate changes during dormancy release in Superior Seedless 
grapevine cuttings following hydrogen cyanamide treatment. Sci. 
Hortic. 140, 19-25.
Bennett, J.; trought, m. C. t.; JarviS, P; 2002: The importance of over-
wintering carbohydrates on inflorescence development and yield 
potential. Aust. New Zealand Grape Grower Winemaker 456, 70-72. 
Bergmeyer, h.u.; 1974: Methods of Enzymatic Analysis. Academic Press, 
New York, NY, USA.
CarBonneau, a.; 2010: La viticulture tropicale mondiale: Le point de son 
evolution. IIéme Symp. Int. Vins Tropicaux, Petrolina, Brésil, 25-28 
mai 2010). Progr. Agric. Vitic. 127, 281-283.
CollinS, C.; ColeS, r.; Conran, J. g.; rawnSley, B.; 2006: The progression 
of primary bud necrosis in the grapevine cv. Shiraz (Vitis vinifera L.): 
A histological analysis. Vitis 45, 57-62. 
CollinS, C.; rawnSley, B.; 2005: Factors influencing primary bud necrosis 
(BN) in Australian vineyards. Acta Hortic. 689, 81-86. 
CollinS, C.; rawnSley, B.; 2008: Effect of gibberellic acid and paclobutra-
zol on the incidence of primary bud necrosis in cv. Shiraz (Vitis 
vinifera L.). Am. J. Enol. Vitic. 59, 83-87.
CoomBe, B. g.; 1995: Adoption of a system for identifying grapevine growth 
stages. Aust. J. Grape Wine Res. 1, 100-110.
CordenunSi, B. r.; laJolo, F. m.; 1995: Starch breakdown during banana 
ripening-sucrose synthase and sucrose-phosphate synthase. J. Agr. 
Food Chem. 43, 347-351.  
Cox, C. m.; Favero, a. C.; dry, P. r.; mCCarthy, m. g.; CollinS, C.; 
2012:  Rootstock effects on primary bud necrosis, bud fertility and 
carbohydrate storage in Shiraz. Am. J. Enol. Vitic. 63, 277-283.
diaS, F. a. n.; mota, r.v.; Fávero, a. C.; Purgatto, e.; Shiga, t. m.; 
Souza, C. r. d.; regina, m. a.; 2012: 'Syrah' vine on different 
rootstocks in winter cycle in the south of Minas Gerais state, Brazil. 
Pesqui. Agropec. Brasil. 47, 208-215.
diaS, F. a. n.; mota, r. v.; Souza, C. r.; Pimentel, r. m. a.; Souza, l. C.; 
Souza, a. l.; regina, m. a.; 2017: Rootstocks on vine performance 
and wine quality of Syrah under Double pruning management. Sci. 
Agr. 74, 134-141.
dry, P. r.; CoomBe, B. g.; 1994: Primary bud-axis necrosis of grapevines. 
I. Natural incidence and correlation with vigour. Vitis 33, 225-230. 
Fadon, e.; herrero, m.; rodrigo, J.; 2018: Dormant flower buds actively 
accumulate starch over winter in sweet Cherry. Front. Plant Sci. 9, 
1-10.
Favero, a. C.; de amorim, d. a.; da mota, r. v.; SoareS, a. m.; de Souza, 
C. r.; regina, m. a.; 2011: Double-pruning of 'Syrah' grapevines: a 
management strategy to harvest wine grapes during the winter in the 
Brazilian Southeast. Vitis 50, 151-158.
Feder, n.; o’Brien, t.; 1968: Plant microtechnique: some principles and 
new methods. Am. J. Bot. 55, 123-142.
Ferreira, d. F. 2011: Sisvar: a computer statistical analysis system. Ciênc. 
Agrotec. 35, 1039-1042. 
gerrath, J. m.; PoSluSzny, u.; 2007: Shoot architecture in the Vitaceae. 
XVII Int. Botan. Congr., Vienna, Austria. Botany 85, 691-700.  
horiKoShi m. h.; SeKozawa, y.; Sugaya, S.; 2017: Inhibition of carbohy-
drate metabolism by thermal fluctuations during endodormancy lead 
to negative impacts on bud burst and incidence of floral necrosis in 
'Housui' Japanese pear flower buds. Sci. Hortic. 224, 324-331.
JohanSen, d. a.; 1940: Plant Microtechnique. McGraw-Hill Book Company 
Inc., London, United Kingdom.
KavooSi, B.; eShghi, S.; taFazoli, e.; rahemi, m.; emam, y.; 2013: Ana-
tomical study of primary bud necrosis in Vitis vinifera L. cv. Askari 
in winter dormant bud. J. Ornament. Hortic. Plants 3, 81-86.
lavee, S.; may, P.; 1997: Dormancy of grapevine buds - facts and specu-
lation. Aust. J. Grape Wine Res. 3, 31-46.
lavee, S.; mammon, h.; ziv, m.; BernStein, z.; 1981: Necrosis in grapevine 
buds (Vitis vinifera cv. Queen of Vineyard). I. Relation to vegetative 
vigor). Vitis 20, 8-14. 
leBon, g.; woJnarowiez, B.; holzaPFel, F.; Fontaine, n.; Vaillant-Gaveau, 
N.; Clement, C.; 2008: Sugars and flowering in the grapevine (Vitis 
vinifera L.). J. Exp. Bot. 59, 2565-2578.
levine, a.; Pennell, r. i.; alvarez, m. e.; Palmer, r.; lamB, C.; 1996: 
Calcium-mediated apoptosis in a plant hypersensitive disease resis-
tance response. Curr. Biol. 6, 427-437.
li-mallet, a.; raBot, a.; geny, l.; 2016: Factors controlling inflorescence 
primordia formation of grapevine: their role in latent bud fruitfulness? 
A review. Botany 94, 147-163.  
mota, r. v.; Silva, C. P. C.; Favero, a. C.; Purgatto, e.; Shiga, t. m.; 
regina, m. a.; 2010: Composição físico-química de uvas para vinho 
fino em ciclos de verão e inverno. Rev. Brasil. Frutic. 32, 1127-1137. 
mota,  r. v.; Favero, a. C.; Silva, C. P. C.; Purgatto,e.; Shiga, t. m.; 
regina, m. a.; 2011: Wine grape quality of grapevines grown in 
the Cerrado Ecoregion of Brazil. J. Int. Sci. Vigne Vin 45, 101-109. 
naito, r.; ueda, h.; muneSue, S.; 1989: Studies on the necrosis in grape-
vine buds (IV): Relation between the occurrence of bud necrosis and 
the shoot emerging from lateral buds on fruiting canes in 9 Japanese 
leading cultivars. Bull. Fac. Agric. Shimane Univ. (Japan) 23, 1-6. 
naito, r.; yamamura, h.; muneSue, S.; 1987: Studies on the necrosis 
in grapevine buds (III) the time of the occurrence of bud necrosis 
in 'Kyoho' and the relation between its occurrence and the amounts 
of nutritional elements in buds. Bull. Fac. Agric. Shimane Univ. 
(Japan) 1, 10-17. 
naito, r.; yamamura, h.; Sugahara, m.; 1985: Studies on the necrosis 
in grapevine buds, (II): Effects of the time of prebloom SADH appli-
cation by foliar spray on the occurrence of bud necrosis in” Kyoho” 
vine. Bull. Fac. Agric. Shimane Univ. (Japan) 19, 7-10.  
naito, r.; yamamura, h.; yoShino, K.; 1986: Effects of shoot vigor and 
foliar application of GA and SADH on the occurrence of bud necrosis 
in 'Kyoho' grape. J. Jpn. Soc. Hortic. Sci. 55, 130-137. 
Perez, J.; Kliewer, w. m.; 1990: Effect of shading on bud necrosis and 
bud fruitfulness of Thompson Seedless grapevines. Am. J. Enol. 
Viticult. 41, 168-175.
regina, m. a.; mota, r. v.; Souza, C. r.; Favero, a. C.; 2011: Viticulture 
for fine wines in Brazilian Southeast. Acta Hortic. 910, 113-120.
ruBio, S.; dantaS, d.; BreSSan-Smith, r.; Perez, F.; 2015: Relationship 
between endodormancy and cold hardiness in grapevine buds. J. Plant 
Growth Regul. 35, 266-275.
ruBio, S.; noriega, x.; Perez, F. J.; 2019: ABA promotes starch synthesis 
and storage metabolism in dormant grapevine buds. J. Plant Physiol, 
234-235, 1-8. 
 94 o. de almeida Junior et al.
SanChez, l. a.; doKoozlian, n. K.; 2005: Bud microclimate and fruitfulness 
in Vitis vinifera L. Am. J. Enol. Vitic. 56, 319-329.
Souza de, C. r.; da mota, r. v.; diaS, F. n.; de melo, e. t.; de Souza, l. 
C.; de Souza, a. l.; regina, m. a.; 2015: Starch accumulation and 
agronomical performance of Syrah under winter cycle: responses to 
pruning and ethephon management. Vitis 54, 195-201.
SrinivaSan, C.; mullinS, m. g.; 1981: Physiology of flowering in the 
grapevine - a review. Am. J. Enol. Vitic. 32, 47-63.
wolF, t. K.; warren, m. K.; 2000: Crop yield, grape quality, and winter 
injury of eight wine grape cultivars in Northern Virginia. J. Am. 
Pomol. Soc. 54, 34-43.   
wolF, t. K.; warren, m. K.; 1995: Shoot growth rate and density affect 
bud necrosis of 'Riesling' grapevines. J. Am. Soc. Hortic. Sci. 120, 
989-996. 
vaSudevan, l.; wolF, t. K.; welBaum, g. g.; wiSniewSKi, m. e.; 1998: 
Reductions in bud carbohydrates are associated with grapevine bud 
necrosis. Vitis 37, 189-190.
vaSConCeloS, m. C.; greven, m.; wineField, C. S.; trought, m. C.; raw, 
v. 2009: The flowering process of Vitis vinifera: a review. Am. J. 
Enol. Vitic. 60, 411-434.
ziv, m.; melamud, h.; BernStein, z.; lavee, S.; 1981: Necrosis in grapevine 
buds (Vitis vinifera cv. Queen of Vineyard). II. Effect of gibberellic 
acid (GA3) application. Vitis 20, 105-114.
Received September 27, 2018
Accepted May 15, 2019
